Human Tamm-Horsfall glycoprotein inhibits lymphocyte transformation induced by leucoagglutinin and haemagglutinin from Phaseolus vulgaris (red kidney bean). The glycoprotein interacts with the two lectins, giving insoluble precipitates. The interaction with leucoagglutinin is highly specific, and the shape of the precipitin curve is that of an antigen-antibody reaction; precipitation is specifically inhibited by N-acetyl-D-galactosamine. Results are discussed, and it is suggested that inhibition of lymphocyte transformation is due to competition between human Tamm-Horsfall glycoprotein and carbohydrate receptors on lymphocytes for the two lectins. The interaction between human Tamm-Horsfall glycoprotein and Phaseolus vulgaris lectins has been used to develop a one-step procedure for the separation of the two lectins by affinity chromatography on (human Tamm-Horsfall-glycoprotein)-Sepharose.
Human Tamm-Horsfall glycoprotein inhibits lymphocyte transformation induced by leucoagglutinin and haemagglutinin from Phaseolus vulgaris (red kidney bean). The glycoprotein interacts with the two lectins, giving insoluble precipitates. The interaction with leucoagglutinin is highly specific, and the shape of the precipitin curve is that of an antigen-antibody reaction; precipitation is specifically inhibited by N-acetyl-D-galactosamine. Results are discussed, and it is suggested that inhibition of lymphocyte transformation is due to competition between human Tamm-Horsfall glycoprotein and carbohydrate receptors on lymphocytes for the two lectins. The interaction between human Tamm-Horsfall glycoprotein and Phaseolus vulgaris lectins has been used to develop a one-step procedure for the separation of the two lectins by affinity chromatography on (human Tamm-Horsfall-glycoprotein)-Sepharose.
Phytohaemagglutinin from Phaseolus vulgaris (red kidney bean) contains several lectin-like proteins. One of them, devoid of haemagglutinating power but with high lymphocyte-stimulating activity, has been purified to homogeneity and is named leucoagglutinin because of its strong leucoagglutinating activity (Allen et al., 1969; Weber et al., 1972) . The haemagglutinating power of phytohaemagglutinin is concentrated in a second protein fraction, named haemagglutinin, which is also lymphocyte-stimulating. This fraction shows some heterogeneity on isoelectric focusing (Weber et al., 1972) , possibly because of varying proportions of the different subunits in the tetrameric structure of the molecule (Miller et al., 1973) . Yachnin (1972 Yachnin ( , 1975 reported that some glycoproteins that inhibit lymphocyte transformation induced in vitro by phytohaemagglutinin were able to interact with haemagglutinin, but not with leucoagglutinin. Previously we found that human Tamm- Horsfall glycoprotein was a strong inhibitor of lymphocyte transformation induced by commercial phytohaemagglutinin, and it was suggested that inhibition depended on the interaction of the glycoprotein with the mitogens .
Tamm-Horsfall glycoproteins have been isolated from the urine of several mammals and are produced by the distal tubules of the kidney (Tamm & Horsfall, 1952; Cornelius et al., 1965; Marr et al., 1971 ).
Significant differences have been found in the carbohydrate composition of Tamm-Horsfall glycoproteins from different species (Dunstan et al., 1974) .
We chose to study the interaction ofhuman TammVol. 183 Horsfall glycoprotein with the lectins of Phaseolus vulgaris both to obtain more information on the glyco moiety of human Tamm-Horsfall glycoprotein and to investigate the carbohydrate specificity of leucoagglutinin. Experiments were designed to correlate the inhibitory power of human TammHorsfall glycoprotein on lymphocyte transformation with its ability to interact with the two lectins. The carbohydrate specificity of leucoagglutinin was studied by the monosaccharide-inhibition test of the precipitin reaction with '4C-labelled human Tamm- Horsfall glycoprotein.
In the present paper a rapid procedure is also described for the purification of leucoagglutinin from commercial phytohaemagglutinin by affinity chromatography on (human Tamm-Horsfall glycoprotein)-Sepharose. The purification of leucoagglutinin from other mitogenic proteins by a one-step procedure rests on the observation that the interaction between leucoagglutinin and human TammHorsfall glycoprotein is specifically inhibited by N-acetyl-D-galactosamine.
Experimental

Materials
Leucoagglutinin and haemagglutinin were purified from Bacto-Phytohaemagglutinin P (Difco Laboratories, Detroit, MI, U.S.A.) by the chromatographic technique described by Allen et al. (1969) . Human Tamm-Horsfall glycoprotein was purified from human urine by the technique of Tamm & Horsfall (1950 , 1952 . Desialylated glycoproteins were ob-tained by mild acid hydrolysis or by neuraminidase treatment as previously described (Serafini-Cessi, 1977) . Iodoacetamide-alkylated human TammHorsfall glycoprotein was prepared as described by Fletcher et al. (1970) . '4C-labelled human TammHorsfall glycoprotein was prepared by a procedure based on the method of Means & Feeney (1968) (Boyum, 1968) . Cells (1 x 105 viable lymphocytes) in 0.1 ml of complete medium (Franceschi et al., 1978) were distributed in quadruplicate in the wells of Microtest plates and stimulated by addition of mitogen in 0.1 ml of complete medium. Human Tamm-Horsfall glycoprotein or other proteins, dissolved in 0.05 ml of complete medium, were added at the start of the culture, just before the mitogen. The cultures were incubated in a humified atmosphere of C02/air (1:19) at 37°C for 66h, followed by a 6h pulse of 0.5pCi of [3H] thymidine.
The cells were harvested and the radioactivity measured as fully detailed elsewhere (Franceschi et al., 1978) .
Agglutination tests. Haemagglutination was tested as described by Falasca et al. (1979) and leucoagglutination by the method of Allan & Crumpton (1970) .
Precipitation studies. Double diffusion in gel was done in Ouchterlony plates with 1 % agarose containing 0.02M-phosphate buffer, pH 7.0, 0.05M-NaCl and 0.001 % thiomersal. All glycoproteins (1 mg/ml) were dissolved in 0.1 % sodium dodecyl sulphate and were incubated before being added to the plate for 1 h at room temperature.
For the quantitative determination of the precipitin reaction, 14C-labelled human Tamm-Horsfall glycoprotein in 0.02M-phosphate buffer, pH 7.0, was mixed in glass tubes with lectins dissolved in the same buffer; the final volume was 1 ml. The tubes, including a sample without lectins, were incubated for 1 h at room temperature. At this time the mixtures were filtered on glass-fibre filters and washed twice with 1 ml of phosphate buffer. The filters and portions of the filtrates were put in separate counting vials containing 5ml of methoxyethanol and 10ml of scintillation fluid {0.05 % POPOP [1,4-bis-(5-phenyloxazol-2-yl)benzene and 0.4% PPO (2,5-diphenyloxazole) in toluene} and counted for radioactivity in a Packard Tri-Carb liquid-scintillation spectrometer. When the monosaccharide-inhibition test was performed, the monosaccharides were added just before 14C-labelled human Tamm-Horsfall glycoprotein.
Affinity chromatography. Human Tamm-Horsfall glycoprotein was attached to CNBr-activated Sepharose 4B under conditions described by Sela et al. (1975) . The protein was coupled at a concentration of4-5 mg/g ofgel. The conjugated gel was equilibrated with 0.02M-sodium phosphate buffer, pH7.4, containing 0.15 M-NaCl. In a typical fractionation, 50mg of commercial phytohaemagglutinin dissolved in 20ml of equlibrating buffer was loaded on a column (lcmxl5cm). After extensive washing (80 ml) with the same buffer, at a flow rate of 10ml/h, the column was eluted with 0.2 M-N-acetyl-Dgalactosamine dissolved in the buffer (40 ml) and then with 0.05M-glycine/HCl buffer, pH3.0, containing 0.5M-NaCl. Chromatography was performed at room temperature. The A280 of the eluate was measured and the fractions of each peak were pooled and dialysed for 72h against 500 vol. of 0.02 M-sodium phosphate buffer, pH7.0, with three changes. The affinity gel was usable for several times and was stored at 4°C equilibrated with the buffer at pH7.4.
Polyacrylamide-gel disc electrophoresis and isoelectric focusing. Electrophoresis was performed at pH 4.5 as described by Reisfeld et al. (1962) with an acrylamide concentration of 7%. Micro isoelectric focusing was carried out in polyacrylamide-gel columns (5mmxl00mm) as described by Catsimpoolas (1968) with 5% (w/v) acrylamide and 2% ampholytes (pH 3.5-10). (Fig. la) . The spur pointing to the well containing leucoagglutinin indicates that besides binding sites common to the two lectins, other specific binding sites are present in the haemagglutinin fraction. This observation is in agreement with the proposed subunit composition of the two lectins. According to Weber et al. (1972) and Miller et al. (1973 Miller et al. ( , 1975 ) the lectins from Phaseolus vulgaris are isomeric tetramers composed of varying proportions of two different subunits (L and R). Leucoagglutinin is formed by four identical subunits (L4), whereas the haemagglutinin fraction is a mixture of the four tetramers R1L3, R2L2, RIL3 and R4. The spur in Fig. 1(a) may be due to specific binding sites on the R-subunit of haemagglutinin.
The ability of the two lectins to form insoluble complexes with other glycoproteins was also investigated. Haemagglutinin precipitated with many glycoproteins, including rabbit and hamster TammHorsfall glycoproteins. Leucoagglutinin gave precipitation bands with rabbit Tamm-Horsfall glycoprotein but failed to precipitate hamster Tamm-Horsfall glycoprotein and all other glycoproteins tested. The effect of different treatments of human TammHorsfall glycoprotein on its ability to precipitate with leucoagglutinin is illustrated in Fig. l(b) . Desialylation by mild acid hydrolysis strongly decreased the formation of the precipitate, whereas desialylation with neuraminidase did not, although both procedures remove 95% of the sialic acid of Tamm-Horsfall glycoprotein (Serafini-Cessi, 1977) . Alkylation with iodoacetamide only slightly decreased the formation of precipitate. Table 2 summarizes the data obtained by double-diffusion analysis.
The quantitative determination of the precipitin reaction was studied with a sample of 14C-labelled human Tamm-Horsfall glycoprotein. Fig. 2 shows the percentage of labelled glycoprotein precipitated as a function of the concentration of the two lectins, and compares the results with those obtained with concanavalin A, with immunoglobulin G from normal rabbits, and with immunoglobulin G from rabbits immunized with human Tamm-Horsfall Monosaccharide ( The results of the addition of monosaccharides on the precipitin reaction between human TammHorsfall glycoprotein and leucoagglutinin are reported in Table 3 . Only N-acetyl-D-galactosamine proved inhibitory. The curves of inhibition as a function of the molarity of N-acetyl-D-aminohexoses are shown in Fig. 4 . None of the monosaccharides tested was able to inhibit the precipitation between haemagglutinin and human Tamm-Horsfall glycoprotein.
Purification of leucoagglutinin by affinity chromatography on (human Tamm-Horsfall glycoprotein)-Sepharose When commercial phytohaemagglutinin was applied to the column, 70% of the total protein (as A280) passed unimpeded through the gel, 10% was eluted by N-acetyl-D-galactosamine and 15 % by the glycine buffer, pH 3. No agglutinating or mitogenic activity was present in the first peak. The second peak showed the lectin properties of pure leucoagglutinin, namely it was devoid of haemagglutinating activity and possessed powerful leucoagglutinating and mitogenic properties. The third peak showed all three activities as the haemagglutinin prepared as described by Allen et al. (1969) On polyacrylamide-gel electrophoresis at pH4.5 (Fig. 5) , the second peak gave a single band with the same mobility of leucoagglutinin prepared as described by Allen et al. (1969) ; the third peak moved as fast as the haemagglutinin fraction of Allen et al. (1969) .
Isoelectric focusing
Isoelectric focusing of leucoagglutinin and haemagglutinin purified by affinity chromatography was performed on polyacrylamide gels. Leucoagglutinin focused at pH 5.1 as a single band precipitable by trichloroacetic acid. In contrast, haemagglutinin gave two distinct bands, which appeared as lines of precipitate also before fixation of the gels in trichloroacetic acid, indicating insolubility of the proteins at their isoelectric point (Catsimpoolas, 1968) . The bands focused at pH6.1 and pH6.5 and appeared to be of similar intensity. These results indicate that the described single-step method of purification gives pure leucoagglutinin (L4), but, as with other methods, does not separate the isomeric molecular species of the haemagglutinin fraction. The results reported show that: (i) human Tamm- Horsfall glycoprotein inhibits lymphocyte transformation induced by leucoagglutinin and haemagglutinin from Phaseolus vulgaris, but not by other mitogens such as concanavalin A and pokeweed mitogen; (ii) the glycoprotein reacts with the two lectins of Phaseolus vulgaris giving insoluble complexes; (iii) unlike haemagglutinin, leucoagglutinin does not form insoluble complexes with other glycoproteins; (iv) the precipitin reaction between human Tamm-Horsfall glycoprotein and leucoagglutinin is similar to a typical antigen-antibody reaction and is specifically inhibited by N-acetyl-Dgalactosamine.
It is well known that cell agglutination and lymphocyte transformation induced by lectins depend on their binding to specific carbohydrate receptors on the cell surface. The receptor of erythrocytes for haemagglutinin from Phaseolus vulgaris has been extensively studied and the sequence galactose -+ Nacetylglucosamine -* mannose has been suggested (Kornfeld & Kornfeld, 1970; Kornfeld et al., 1971 ). This trisaccharide is present in several glycoproteins that bind haemagglutinins, such as fetuin (Spiro, 1964) , al-acid glycoprotein (Schwarzmann et al., 1974) and thyroglobulin (Toyoshima et al., 1973 The hypothesis is supported by the fact that N-acetyl-Dgalactosamine, which inhibits lymphocyte transformation induced by commercial phytohaemagglutinin (Borberg et al., 1968) , also specifically inhibits the interaction between leucoagglutinin and human Tamm-Horsfall glycoprotein (see Table 3 ). The concentrations of N-acetyl-D-galactosamine required for the inhibition of the two reactions are of the same order of magnitude, but unusually high if compared with the concentration of specific monosaccharides that inhibits the precipitin reaction between other lectins and polysaccharides (Goldstein et al., 1974; Baldo et al., 1978) . This may reflect the complexity of the carbohydrate specificity of leucoagglutinin (Hellstrom et al., 1976) , which probably requires a specific position of N-acetyl-D-galactosamine in the oligosaccharide structure. Moreover, the integrity of the protein backbone bearing the oligosaccharide-binding groups is also important. Thus, whereas desialylation by neuraminidase is ineffective, mild acid hydrolysis, which gives, besides desialylation, also a decrease in the molecular weight of human Tamm-Horsfall glycoprotein (SerafiniCessi, 1977) , inhibits its precipitation by leucoagglutinin.
The interaction between leucoagglutinin and human Tamm-Horsfall glycoprotein deserves further study, since its comprehension may be of great importance for the understanding of the mechanism triggering leucoagglutinin-induced lymphocyte transformation. Meanwhile, the specific binding properties of leucoagglutinin have been used to describe a onestep procedure for purification of the two lectins of Phaseolus vulgaris by affinity chromatography on (human Tamm-Horsfall glycoprotein)-Sepharose.
